Abstract: During January 1986-September 1988 we studied the behavioral responses of 71 radiocollared mule deer (Odocoileus hemionus) to military activity on the Pifion Canyon Maneuver Site in southeastern Colorado. Military training was initiated on the site during August 1985 and recurred about 3 times yearly for periods of one month. During a maneuver, % of the site was used for training in accordance with a rotational land use schedule. During the nonsummer seasons, female seasonal convex polygon and harmonic mean home ranges were larger in maneuver and previous-maneuver areas than nonmaneuver areas (P < 0.002). During summer, female convex polygon home ranges were larger in maneuver than nonmaneuver areas (P = 0.066). Fawn summer home ranges were larger in maneuver than previous-maneuver areas (P < 0.01). Male home range sizes differed only for 50% harmonic mean transformation annual home ranges (P = 0.056); bucks in maneuver areas had larger home ranges than in nonmaneuver areas. Female deer in maneuver areas exhibited significant home area shifts (P = 0.049) between premaneuver and maneuver periods more frequently (40.0%) than did deer in nonmaneuver (control) areas (12.5%). Mule deer in military training areas may have responded to human harassment, alteration of security cover, or destruction of the forage base. We suggest that deer may respond more intensely to unpredictable than predictable human activity.
To manage ungulate populations subjected to human activities, ungulate responses to these activities first must be assessed. Studies designed to assess the effects of human activity on whitetailed deer (Odocoileus virginianus 
METHODS
We captured adult mule deer in Clover traps (Clover 1956), by drop-net (Ramsey 1968 During June and July, we located newborn fawns by ground surveillance of radiocollared and unmarked does, and captured them by hand. If fawns were still moist with amniotic fluid when located, they were not handled or collared until the following day. We equipped captured fawns with expandable break-away radiocollars (135 g) (Trainer et al. 1981 ) and numbered button eartags and recorded their sex, weight, and general condition. We estimated ages and birthdates according to Robinette et al. (1973) .
We located radiocollared deer with a handheld, 2-element "H" antenna and pinpointed locations by visual observation, circling the animal (mean radius of 50-100 m), or triangulation with multiple directional bearings. Circling was the predominant technique, followed by visual observation. We obtained less than 5% of locations by triangulation; 75% of these used >3 directional bearings taken within a 20-minute period at a distance of <1 km. We estimated telemetry accuracy by locating 22 transmitters placed in locations unknown to us, but -2 km distant from bearing stations; 86% of fixes estimated from bearings were accurate to within 100 m of the true location and average error polygon size was 2 ha. We used triangulation primarily at night. We supplemented ground locations with weekly or biweekly locations from a helicopter or fixed-wing aircraft with 2 2-element "H" antennae on opposite sides of the aircraft. We plotted all locations on U. S. Geological Survey 1:24,000 topographic maps and recorded Universal Transverse Mercator grid coordinates to the nearest 100 m. We located radiocollared adults and fawns >2 months every 1-10 days and fawns -2 months every 1-3 days.
We calculated seasonal and annual home ranges with the minimum convex polygon (Hayne 1949 ) and harmonic mean transformation (HMT) (Dixon and Chapman 1980) methods. Each home range estimation technique provided unique information. The convex polygon was valuable because infrequent outlying points, which probably occurred in response to military activity, illustrated increased movement and increased energy expenditure (Freddy et al. 1986 ). The 95% HMT estimator described the area used by an individual without being heavily influenced by infrequent extreme outlying locations. The 50% HMT home range size represented a core area used most intensively by an animal. Differences with each of the 3 estimators were important because they illustrated short-term (convex polygon), and long-term (50% HMT) responses to human activity. We used a 10 x 10 grid size with a 2.0 scaling factor in calculating the harmonic mean home ranges (Samuel et al. 1985) . We determined the minimum sample size for home range analysis with observation-area curves (Odum and Kuenzler 1955) . We compared home range sizes among 3 treatment conditions: maneuver, previous-maneuver, and nonmaneuver (control). We defined maneuver areas as sectors in which a maneuver occurred during a given season, previous-maneuver areas as sectors in which a maneuver had occurred during a previous, but not the current season, and nonmaneuver areas as areas in which no training had occurred and was not currently occurring. We analyzed summer home ranges of does and fall home ranges of bucks separately because, in each case, they were significantly larger than home ranges during all other seasons, when home range size was similar. Therefore, the nonsummer and nonfall periods for does and bucks, respectively, included seasonal home ranges, which were pooled for the overall analysis. We used the Kruskal-Wallis multiple range test to test for differences in home range size. If Kruskal-Wallis analysis indicated a difference, we conducted a nonparametric protected Fisher's Least Significant Difference (LSD) test to determine which treatment was different. Because of the small sample sizes in many of the analyses, a = 0.1 was used to indicate statistical significance. When the result of a Kruskal-Wallis or Wilcoxon Rank Sum test was nonsignificant, we analyzed the statisitical power of the test's parametric equivalent.
We examined home area fidelity (the tendency of a deer to remain in a previously occupied area during different periods of time) of females only, by closely monitoring individual does in nonmaneuver sectors and sectors subject to military maneuvers during a 3-week period immediately before training and during the 3-week training period. During both 3-week periods we located deer every 2-4 days. In contrast to home ranges, home areas (or use areas) contained fewer points than required to define a meaningful home range, but represented the areas used during each of the 3-week periods noted above. To test for locational shifts (movement from 1 use area to another), we compared distances between within-group pairs of premaneuver and maneuver period locations to distances between ungrouped locations for an individual using multi-response permutation procedures (MRPP) (Mielke et al. 1976 ). MRPP is a nonparametric statistical test that permits comparison of animal location distributions but does not assume that data are normally distributed; instead, a null distribution is defined with all possible permutations of the observations (Mielke et al. 1976 ). Anderson (1988) noted that the P-values associated with each pair of monitoring periods denote the probability that the distribution of the animal's locations were not different between periods. We further tested for a difference in the proportion of deer exhibiting significant locational shifts between nonmanuever and maneuver areas using a Z-test. We also used MRPP to determine the average distance between locations for each doe during the premaneuver and maneuver 3-week periods. This value was an index to movement during the period over which an individual was monitored.
We monitored troop movements, land-based vehicular traffic, aerial traffic, and military activity daily while tracking deer. Weekly aerial telemetry flights helped identify military traffic and encampments. We identified active encampments and movements that were not observed by disturbance to the landscape (i.e., fresh tank tracks, trash, and destroyed vegetation). We obtained numbers of troops and tactical vehicles/maneuver from Movement Control (PCMS and Fort Carson, Colo.).
RESULTS

Military Activity
Seven 2-to 3-week training maneuvers occurred during January 1986-September 1988 (Table 1) . Number of personnel per training exercise ranged from 2,624 to 6,619 and the total number of vehicles on site at 1 time was between 854 and 2,397. Before 13 March 1987 and 23 October 1987, no training had occurred in sectors D and E, respectively. Two control areas were officially off-limits and no training occurred in these areas throughout the study (Fig.  1) . We could not obtain actual numbers of helicopters and other aircraft on site at the same time, but estimated that the normal range was from 30 to 50. In general, helicopters tended to operate in proximity to land-based vehicular training.
Home Range Size
We calculated home ranges for 71 mule deer Mean seasonal home range size of does on PCMS during fall, winter, and spring differed (P < 0.002) among military training conditions (Table 2) . For each home range analysis (e.g., convex polygon, HMT), home ranges were larger in maneuver (n = 26) and previous-maneuver (n = 5) areas than nonmaneuver areas (n = 17). Sizes of home ranges in maneuver and previousmaneuver areas were similar (P > 0.43). Size of summer home ranges of does differed among area condition with the convex polygon technique only (P = 0.066); maneuver area (n = 21) home ranges were larger (P = 0.033) than nonmaneuver area (n = 10) home ranges, but previous-maneuver area (n = 11) home ranges did not differ from either maneuver (P = 0.14) or nonmaneuver areas (P = 0.53). Trends in annual female home range sizes were similar to seasonal trends, but only 95% HMT home ranges were different (P = 0.008) among military training conditions. Maneuver (n = 33, P = 0.003) and previous-maneuver (n = 6, P = 0.02) area home ranges were larger than nonmaneuver area home ranges (n = 13); maneuver and previous-maneuver area home ranges were similar (P = 0.98). The statisitical power of nonsignificant summer and annual analyses comparing doe home range sizes among training conditions was between 0.17 and 0.24. In summer, fawn home ranges were larger (P :< 0.01) in maneuver (n = 21) than previousmaneuver (n = 12) areas in 2 of 3 analyses (50% HMT; P = 0.20). Fall maneuver (n = 3) and previous-maneuver area (n = 7) home ranges of fawns were similar (P = 0.17-0.82) in size (Table 3) as were annual home ranges in maneuver (n = 4) and previous-maneuver (n = 6) areas (P = 0.59-0.91). However, the statistical power of the 50% HMT summer, fall, and annual fawn analyses ranged between 0.10 and 0.40. For bucks, seasonal home ranges were similar (P > 0.59) between maneuver and nonmaneuver areas during fall (n = 7) and nonfall (n = 4) ( Table 4 ). The 50% HMT estimate of buck annual home ranges was larger (P = 0.056) under maneuver (n = 8) than nonmaneuver (n = 7) conditions. However, there was no difference among treatments for the convex polygon (P = 0.95) and 95% HMT (P = 0.95) estimators. The statistical power for the buck analyses, excluding the 50% HMT annual comparison, was 0.10.
Home Area Fidelity
More radiomarked does in maneuver areas (40%) than in nonmaneuver areas (12.5%) shifted location or use pattern of home areas between the premaneuver and maneuver periods (P = 0.049). During fall 1987, 1 of 4 does in maneuver areas (P < 0.02) and 0 of 4 does in control areas (P > 0.30) shifted home areas between the premaneuver and maneuver periods (Table 5) . Similarly, 2 of 6 does in maneuver areas (P < 0.005) and 0 of 4 in control areas (P > 0.15) shifted home areas between premaneuver and maneuver periods during winter 1988 (Table 5) . Both does that shifted use areas moved greater average distances between locations during the maneuver.
In summer 1986, 4 of 10 does in maneuver areas (P < 0.1) and 0 of 4 does in the control (P > 0.2) shifted home areas (Table 5 ). Of the 4 that shifted, the average distance moved during the maneuver compared to the premaneuver period was greater for 1 doe, similar for 2, and less for 1. However, during summer 1988, 2 of 4 does in control areas shifted home areas (P < 0.04) and 5 of 10 in the maneuver area shifted home areas (P < 0.006) ( Table 5 ). The 2 control does that shifted home areas moved shorter average distances during the maneuver period. Four of the 5 deer in maneuver areas that shifted home areas moved shorter distances and 1 moved similar distances during the maneuver. Although sample sizes during postma- 
DISCUSSION
Mule deer increased their home range size in response to military training activity on the PCMS. Thus, we rejected the hypothesis that there was no difference in home range size between deer in maneuver and nonmaneuver areas. Mean convex polygon home range size of radiocollared does was 4.6-fold and 3.1-fold greater in maneuver than in nonmaneuver areas during the non-summer and summer periods, respectively. The 50 and 95% HMT estimators also reflected this large difference in home range size between animals that were and were not exposed to training activity, indicating that deer responded not only by moving out of their normal home ranges during maneuvers, but by increasing their core home ranges within maneuver areas. Furthermore, does in areas exposed to previous, but not current maneuvers used larger areas than does in nonmaneuver areas. Thus, deer exposed to military training used larger areas for extended periods. Although we could not compare home ranges of fawns in training areas with nonmaneuver controls, fawns in active training areas during summer used larger home ranges than fawns in previously maneuvered, but not current maneuver areas. We did not observe significant differences in seasonal home ranges of bucks, however, as estimated by the 50% HMT estimator, bucks in maneuver sectors had significantly larger annual home ranges than those in nonmaneuver sectors. This difference may appear only with the 50% HMT home ranges because the other 2 estimators were influenced more by distant locations that occurred on excursions during the fall rut. Furthermore, although many of the buck and fawn analyses detected no difference among treatments, the tests exhibited low statistical power.
Direct harassment and habitat alteration may have affected deer movements during maneuvers. Harassment of deer in maneuver areas may have been unintentional and intentional. Occasionally, tactical vehicles actively pursued pronghorn across the prairie (T. P. Gerlach, U. S. Fish and Wildl. Serv., pers. commun.). Deer were exposed to battlefield simulations involving machine gun and cannon fire (no live ammunition). Traffic during training included jeeps, trucks, armored personnel carriers, tanks, helicopters, and jet fighter overflights. Bivouacs and encampments provided longer-term occupation of specific sites. Extensive (>3 ha) smoke screens and tear gas clouds also may have influenced deer movement. Although mock battles and offensive encounters were conducted on the prairie, the Army used pinyon-juniper/grassland interface extensively for bivouacs and encampments (Fig. 1) . The pinyon-juniper and shrub vegetation types, which were primary deer habitat (Gerlach 1987), provided excellent camouflage for military vehicles.
Habitat alteration from training maneuvers (Shaw and Diersing 1990) also may have affected deer movements. Shaw and Diersing (1990) noted that pinyon-juniper and shrubby vegetation densities on the PCMS were significantly reduced by an average of 9% under maneuver conditions. Grass species composition exhibited a shift from perennial to annual vegetation and the percentage of bare ground increased on disturbed areas (Shaw and Diersing 1990). These changes to PCMS vegetation may at least in part explain the increased home range sizes for does in previous-maneuver areas, in that deer in previous-maneuver areas probably required a larger area to meet forage and cover requirements. Habitat alteration, in addition to direct harassment, may have contributed to the increase in home range sizes during maneuvers. In summary, deer in military training areas may have responded to (1) human harassment or activity, (2) alteration of security cover, and (3) alteration of the forage base.
During winter and fall maneuvers, some deer in maneuver and previous maneuver, but not control areas, exhibited significant shifts in their use areas. Not only did deer temporarily abandon areas, but during the 1988 winter maneuver 2 does moved much greater distances during the period of training activity. Shifts in and contraction of areas used during summer may have been related to the behavior of does with young fawns. Does with fawns were unable to move large distances to escape areas of training activity, so they occupied a limited area beyond their usual use area. (Freddy et al. 1986 ) responded more to persons afoot than to snowmobiles. Disturbance to mule deer resulted in greater energy expenditure due to interrupted grazing and decreased food intake, disrupted bedding, and provoked running (Freddy et al. 1986 ).
In contrast to unpredictable stimuli, several forms of human activity generally occur with a more routine presence, and most evidence indicates that deer can habituate to this type of activity. For instance, mule deer exposed to mining activities exhibited movements similar to deer not exposed to these activities (Merrill et al. 1994 ). Espmark and Langvatn (1985) noted that newborn red deer calves rapidly habituated to repeated alarm stimuli. In addition, Irby et al. (1987) were unable to detect a response by mule deer to low-intensity oil and gas exploration and drilling activities in Montana, and Geist (1971b) noted that mule deer in Alberta, if protected from hunting and poaching, habituated to humans and housing developments.
The PCMS deer population increased movement and activity in response to unpredictable military activity. Geist (1971b) noted that single incidents of harassment may be insignificant, but the effects are cumulative and could lead to a decline in juvenile survival or aborted fetuses in females. Hobbs (1989) determined that extreme harassment of mule deer (2 disturbances/day, each causing animals to move 500 m) during a severe winter could double doe mortality. Thomas (1982) found that pregnancy rates in caribou declined with decreasing levels of fat reserves and body weights. The increased movement exhibited by adult does exposed to maneuvers on PCMS could result in lower fecundity. Does subjected to military activity produced fawns during this study, but severe winter weather or summer drought coupled with increased military training could cause a decline in fecundity. Furthermore, overwinter survival of deer, particularly fawns, may decrease in response to human activity. Any disruption in fat deposition or conservation before or during winter may render fawns less able to thermoregulate in winter (Moen 1976 ). Moen (1978) noted the necessity of weight gain by deer in fall and believed that any disturbance interfering with foraging at this time may directly or indirectly increase mortality or decrease natality.
Destruction of habitat during military maneuvers is of particular concern. Suitable habitat is essential to deer irrespective of the predictability of human activity. Mackie and Pac (1980) expressed concern over the loss of deer habitat, particularly winter range, to subdivision housing developments in Montana. The importance of sufficient protective cover in reducing the effect of harassment has been demonstrated for deer (Richens and Lavigne 1978, Eckstein et al. 1979) . If habitat destruction associated with maneuver rotations continues at the rate and magnitude of the late 1980s, pinyon-juniper forest and shrub cover, essential refuge for deer, probably will decline in maneuver areas. Shortgrass prairie requires 6-20 years to recover to even a short-lived perennial plant community following extensive denuding; recovery of pinyon-juniper woodland would take 75-150 years (Shaw and Diersing 1990) . Continual use of the pinyon-juniper edge may push back the edge until much of the pinyon-juniper in maneuver areas is gone. PCMS management plans provide for 2 years of recovery time between maneuver rotations. Disturbed areas on PCMS largely depend on annual plant cover to maintain soil erosion rates at an acceptable level (Shaw and Diersing 1990) . During periods of below-normal precipitation, loss of annual cover would expose soils to excessive erosion, particularly in steep terrain. However, the concurrent removal of cattle from PCMS and revegetation efforts with the initiation of military activity may counteract some of the negative effects of military activity (Stephenson 1989 
